Background: Intermittent monitoring of fruit and vegetable intake at the population level is essential for the evaluation and planning of national dietary interventions. Yet, only a limited number of studies on time trends in fruit and vegetable intake among children and adolescents have been published internationally. In Denmark, national comprehensive campaigns to enhance fruit and vegetable consumption were initiated in 2001. This paper describes secular trends in fruit intake among Danish adolescents by six comparable school surveys from 1988 to 2006. The paper demonstrates and discusses the consequences of measurement changes introduced in long-term trend analyses.
Background
Promoting sufficient intake levels of fruit and vegetables is important among children and adolescents for a number of reasons. First, intake of fruit and vegetables provides part of the high nutrient needs necessary for supporting rapid physiological growth and development which is characteristic for childhood and adolescence [1] . Second, food and meal habits established in childhood track into adolescence and adulthood [2, 3] , where they may influence health [4] [5] [6] [7] [8] [9] . To evaluate national policy initiatives aimed at young people, and to assess the need for further initiatives, monitoring surveys which focus on children and adolescents are important.
In 1998, national recommendations for fruit and vegetable intake were launched. These targetted 11+ year-olds to consume fruit every day and in total to consume at least 600 g of fruit and vegetables daily. Children between the ages of 4 and 10 were to consume at least 75% [10] , but this was in 2002 revised to 300-500 g per day [11] . Since the beginning of the 1990s, several nation-wide campaigns have been implemented to improve the diet of the Danish population. The most comprehensive and visible initiative focusing on fruit and vegetables is the ongoing nationwide 6 A Day campaign which is a public-private partnership with representatives from government agencies, non-governmental health organizations, and the fruit and vegetable industry. The 6 A Day campaign was launched in May 2001 following the launch of the first national recommendations for fruit and vegetable intake [12] .
Only a limited number of papers on secular trends in fruit and vegetable intake among children and adolescents have been published internationally. National representative data from the US Department of Agriculture surveys showed that among US boys and girls aged 11 to 18, consumption of raw fruit (g/day measured by 24-hour recalls) declined steadily from 1965 go 1996 [13] . In a local study of 10-year-old US children in Bogalusa, Louisiana, Nicklas et al. reported an increase between 1973 and 1994 in the percentage of children who consumed fruit/fruit juices during the previous day and in mean g of fruit consumed (both based on one 24-hour recall). A significant decrease in percentage of children eating vegetables on the previous day was observed, although the mean g of vegetables consumed did not change [14] . Inchley et al. found an increase in prevalence of Scottish schoolchildren aged 11, 13 and 15 years who ate fruit and vegetables daily between 1990 and 1998, especially among girls (measured by food frequency questionnaire, FFQ) [15] . Johnson & Hackett studied the trend in intake of fruit and vegetables (eating fruit, vegetables or salad on the previous day) among 9-and 10-year-old schoolchildren living in Liverpool, England. They reported an increase in intake of fruit, vegetables and salad between 2000 and 2005 [16] . National representative data from Norway show that fruit intake among Norwegian children and adolescents aged 11, 13, 15 and 16 declined from 1993 to 2001 whereas an increase in intake was observed between 2001 and 2005 [17] .
In 2003, 2004 and 2005 , the Danish National Board of Health collected survey data on 11-to 15-year-olds' fruit and vegetable intake. Age-specific analyses identified a small increase in the proportion eating fruit daily among boys aged 11 (from 43% to 48%) and 15 (from 26% to 30%) and among girls aged 11 (from 57% to 64%) and 15 (from 47% to 56%) (statistical significance of change in intake are not reported). Trend analyses of intake of fruit and vegetables combined showed a significant increase among girls aged 11-15 [18] . Likewise, intake data monitored by The Danish Veterinary and Food Administration since 1995 showed that fruit and vegetable intake (g/day) among 4-to 14-year-olds' (combined age groups) increased between 1995 and 2001 [19, 20] . However, it is difficult to assess long-term time trends in fruit and vegetable intake among adolescents from the above sources due to short observation periods, and varying study designs and measurements between surveys.
The assessment of trends over time requires identical measurements which are not always in accordance with the ambition to use the most recently developed and validated measurement tools. We have access to comparable data on fruit intake from repeated nation-wide representative studies of Danish schoolchildren from 1988 to 2006, which considers a long span of time before and after the launch of the 6 A Day campaign in 2001. These studies measured fruit intake by food frequency methods, but unfortunately with changes in phrasing of questions and response categories over time.
National recommendations on fruit and vegetable intake are most often provided for combined intake of fruit and vegetables. Still it is important to study trends in fruit and vegetable intake separately. Determinants of fruit intake and vegetable intake among children and adolescent may potentially be different [21] meaning that interventions may benefit from being tailored differently when aiming at fruit and vegetable intake, respectively. In both etiological and trend analyses, it is therefore relevant to differentiate between fruit intake and vegetable intake.
In the present study, we aim at describing long-term trends in the prevalence of fruit intake among Danish schoolchildren aged 11, 13 and 15 by cross-sectional data collected via six national representative and comparable questionnaire surveys between 1988 and 2006. Furthermore, we aim to demonstrate the consequences of chang-ing measurements and to discuss to what extent observed trends reflect methodological artefacts.
Methods
The paper reports data from the Danish study participants of the WHO cross-national Health Behaviour in Schoolaged Children study (HBSC) [22, 23] . The overall aim of the study is to enhance the understanding of young people's health behaviours in their social settings. The study design is a series of comparable cross-sectional surveys of 11-, 13-, and 15-year-old students from random samples of schools (cluster sampling) in the participating countries with a time interval of three to four years. Data are collected by an internationally standardised self-administered questionnaire in the classroom [23] .
The Danish HBSC-study comprises seven cross-sectional surveys from 1984, 1988, 1991, 1994, 1998, 2002, and 2006 . All students of the relevant age groups are included from random samples of schools in Denmark. Schools which declined to participate were not replaced. All surveys were conducted by the same research team. Identical sampling approach (random sample of schools from a list of all schools in Denmark) and procedures for data collection within the classroom were applied in all surveys. For all surveys, data was collected between February and April. Every school was asked to participate by letters to the school board, the headmaster and the students' council. Data from 1984 are not available as the questionnaire applied for this survey did not include information on fruit intake. Table 1 presents descriptive data about the six surveys included in the presented analyses.
Measurements
Fruit intake was measured by one item on frequency of intake. This item was part of a FFQ with several items. The HBSC questionnaire has been used in a series of data collections in many countries and is subject to on-going validation studies. A validation study of the HBSC FFQ showed high test-retest reliability and acceptable validity when compared with data from a 24 hour food behaviour checklist and a 7 day food diary [24] . The literature shows varying results regarding the validity of self-reported dietary assessment methods among adolescents [25, 26] . However, the use of FFQ to measure fruit and vegetable intake in epidemiological studies is increasingly being recognised as a valid instrument for ranking adolescents according to their usual intake [24, 27] . Data generated by FFQs may thereby be less suitable for estimating prevalence levels but applicable for trend analyses and aetiological studies.
The measurements of fruit intake in the six surveys are pair-wise similar or approximately similar ( Table 2 ). The measurements in the 1988 and 1991 surveys had identical item formulation and identical number of response categories with a deviation in the fourth and last response category. The same item formulation was kept for the 1994 and 1998 surveys (with a small deviation in 1998), while the number of response categories was increased to five. For the 1988, 1991, 1994 and 1998 surveys, students eating fruit at least once daily were identified by the response keys, 'More than once a day' and 'Once a day'. For the 2002 and 2006 surveys, the applied response keys were, 'Every day, more than once' and 'Once a day, every day'. To evaluate the consequences of changing measurements, we also analysed an alternative cut-point for the 2002 and 2006 survey. Here, eating fruit at least once daily also included students who reported eating fruit '5-6 days a week'. 
Statistical analysis
We report un-weighted prevalence of eating fruit at least once daily and we coded missing values as not eating fruit at least once daily. Only among boys in 1988, the proportion of missing values exceeded two percent (table 2) .
We used Cochrane-Armitage tests to assess significant secular trends in prevalence of eating fruit at least once daily across survey years and across age groups within surveys. Chi-square tests were conducted to test for significant prevalence differences in pair wise comparisons between surveys, and between boys and girls within surveys.
Cluster sampling causes higher standard errors compared to a similar sized sample obtained by simple random sampling of individuals. This design effect varies among items in the Danish samples [28] . A design effect of 1.5 results in 95% confidence intervals of approximately +/-3%. Therefore, to account for the cluster sampling of individuals in schools, a level of significance of 0.02 was applied. In all surveys, the prevalence of students who eat fruit at least once daily is higher among girls than boys. Only in 1988 and 1991, non-significant gender differences in prevalence exist. For all age groups, the secular trends show approximately similar patterns for boys and girls and in the majority of the surveys, the proportion of students who eat fruit at least once daily decreases with increasing age (p = 0.0039). Figure 1 presents trends in prevalence of students who eat fruit at least once daily by age and gender.
Results
Analyses of changes in prevalence by pair-wise comparisons between surveys revealed that among 11-year-old boys and girls, the time periods from 1988 to 1991 and from 1991 to 1994, were characterised by stable fruit intake (p ≥ 0.3892), followed by a significant decrease from 1994 to 1998 (p = 0.0003). figure 1 , time periods characterised by non-significant changes in fruit intake are marked. a. Alternative cut-point for categorisation of 'eating fruit at least once daily' also including students eating fruit 5-6 days a week (every day, more than once + once a day, every day + 5-6 days a week) b. Significant gender difference within each age group (chisquare test, p< 0.02) c. Significant trend in prevalence by age (Cochrane-Armitage tests for trend, p < 0.02) 
Discussion
Our analyses indicate that since 1988, increasing proportions of Danish children and adolescents aged 11, 13 and 15 do not eat fruit daily. Thus, an alarming proportion of Danish schoolchildren do not meet the recommendations for consuming fruit every day. Nevertheless, our results do indicate a recent positive trend. For all age and gender groups, we identified a significant increase in prevalence of schoolchildren who eat fruit at least once daily between 2002 and 2006.
The Danish National Board of Health also revealed an increasing tendency in fruit intake -especially among 11-and 15-year-olds and most pronounced among boys [18] . Still, direct comparisons with our results are not feasible. [29, 30] . Despite differences in applied measurements, our results suggest that since the mid 1990s, adolescent and adult populations show different trend patterns in fruit intake.
The literature on gender differences in fruit and vegetable consumption among adolescents finds that girls have a higher or more frequent intake than boys, or that no gender differences exist. One body of literature finds decreasing intake of fruit and vegetables by increasing age in adolescence, while other studies find no differences in intake by age [21] . The presented findings correspond with the literature suggesting that girls eat fruit more frequently than boys and that younger students eat fruit most frequently.
Conclusions from the presented results must consider the risk of bias introduced by varying item formulations and response categories between surveys. Even small changes in wording of questionnaire items may result in different response distributions. Also changes in the wording, number and order of response categories influence the participants' responses [31, 32] . Pair-wise comparisons between 1988-1991, 1994-1998, and 2002-2006 are relatively unproblematic due to identical or almost identical measurements. The most important change introduced between the surveys in 1991 and 1994 was the inclusion of a fifth response category while the wording of the question remained unchanged. It is however possible that the inclusion of an extra response category may have caused a larger spread of responses which result in a decrease in the proportion of students who report eating fruit every day. The trends from the first and second survey to the third and fourth survey may therefore partly resemble a methodological artefact.
For the 2002 survey more substantial changes were introduced in the questionnaire. Beyond the revision of the item formulation, two extra response categories were added and the order of response keys was reversed. Again, we cannot exclude that the clear decreasing trend observed between 1998 and 2002 partly reflects a methodological artefact introduced by the change of measurement for the 2002 survey. To study the consequences of these potential biases we therefore analysed an alternative cut-point for the 2002 and 2006 data. Here, we also included intake of fruit 5-6 times per week in the category 'eating fruit at least once daily'. Still, a significant decrease was observed between 1998 and 2002 for all age and gender groups suggesting that the identified decrease in prevalence of students eating fruit at least once daily from 1998 to 2002 is not solely an artefact caused by changes in the applied instrument. Still, there is a risk that the change in wording of the item (from 'how often' to 'how many times a week') reduces the comparability of data from before and after 2002 more than can be accounted for by choice of cut-point. In repeatedly conducted surveys suitable for trend analyses, we generally recommend that when unavoidable changes are introduced, old items should be kept at least for one survey. Hereby, differences due to measurement methods can be evaluated.
Another potential bias of the presented analyses is differences in availability of fruit across surveys due to seasonal differences in data collection across surveys. However, all data were collected between February and April which in Denmark is a period of the year characterised by uniform supply of fruit. , we observed a significant increase in the prevalence of schoolchildren who eat fruit at least once a day. In contrast to the recent trend data available for the adult population [29, 30] , our data therefore suggest an effect of the 6 A Day campaign among schoolchildren. The measurements applied in the 2002 and 2006 surveys are completely identical and the risk of the observed increase in prevalence being an artefact due to methodological issues is therefore minimal. We cannot, however, exclude that increased awareness of the importance of fruit and vegetables introduces a social desirability bias causing an overestimation in the students' reports of intake [33] . Correspondingly, increased awareness may have caused an overestimation in reported intake due to changes in students' perception of what should be reported as fruit. The development in fruit intake among children and adolescents in Denmark resemble the situation in Norway. Here, a decrease in fruit consumption has been succeeded by a recent increase following a number of campaigns in the 1990s and the launch of official recommendations in 1996 [17] .
Health promotion strategies aimed at increasing fruit and vegetable intake among children and adolescents are mainly conducted at national levels. One important tool for developing and optimising such national initiatives are international comparisons including trend data on intake from varying countries. Yet, only a limited number of papers on trends in fruit and vegetable intake among children and adolescents have been published internationally [13] [14] [15] [16] [17] . Although it may be difficult to compare trends shown in different studies due to varying methodological approaches, it is still important to increase the internationally published knowledge and information on trends in children and adolescents' intake of fruit and vegetables from varying national settings.
Conclusion
Our analyses of long-term secular trends in prevalence of 11-, 13-and 15-year-old Danish schoolchildren who eat fruit at least once daily suggest that in all age and gender groups, intake decreased from 1988 to 2002. Between 2002 and 2006 intake increased. It is possible that some of the observed trends are methodological artefacts since the measurement of fruit intake changed twice over this 18-year period. The observed changes were however, not severely challenged by the change of definition of daily intake of fruit, and we believe that the observed changes reflect changing habits rather than methodological artefacts. The results of the presented analyses suggest an effect of comprehensive nationwide initiatives to increase fruit and vegetable intake among Danish children and adolescents. However, the situation in Denmark remains the same as in many other European countries [34, 35] , where too many schoolchildren still do not meet the national recommendation for fruit intake.
